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ABSTRACT 
Purpose: To provide the first year optometry student with a simplified behavioral 
optometry study guide that corresponds with class notes and correlates with the 
lab. The goal was to make the language simple for easy comprehension. This 
manual also includes diagrams and examples to help students understand 
concepts as they study their class notes. 
Methods: The coursework from Optometry 562 has been broken into four 
sections. Each author has written about one of these sections in her own 
perspective and simplified the material in order for the entering optometry student 
to gain a more thorough understanding of this course. This publication is one of 
the four sections written. This section covers a basic introduction to behavioral 
optometry, accommodation and vergence, heterophoria and the "Dexter" 
concept, spatial perception, eye movements, sensory fusion, and AC/A ratio. 
Other Authors of the Manual: Katherine Chhor, Angela Darveaux, and Kristel 
Rogers 
Introduction to Behavioral Optometry 
It may initially seem peculiar to use the term behavioral in reference to 
optometry. The eye is not something we naturally think of as capable of exhibiting 
behaviors. However, how the eye behaves directly determines how we see. If the 
eye behaves appropriately, clear and comfortable vision is possible. If the eye 
behaves inappropriately, a wide range of visual dysfunctions can occur. It is 
possible to train the eye's behavior to remediate some of these visual 
dysfunctions. It is also possible to train the eye to enhance its performance of 
normal functions. The purpose of this student's guide to behavioral optometry is to 
illustrate some basic principles of how the eye behaves during visual function. 
A Few Key Ideas 
There are a few fundamental characteristics of visual function. First of all, 
vision is learned. Like anything else we learn in life, different people learn to see 
in different ways and to different degrees. What we learn usually works well for 
us, enabling us to meet the visual demands of our environment. In some cases, 
however, what we learn can be inefficient. With intervention, we can relearn more 
effective methods of satisfying these demands. 
Secondly, visual performance is dynamic. The environment where we use 
our eyes leads to these learned visual changes. Our vision changes as our visual 
needs change. In the academic environment, reading hardcopy texts or computer 
screens are daily activities. There is a constant demand to see clearly at near. 
This requires more optical power. Our eyes respond by increasing their power 
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through a process called accommodation. At first this change is on1y to meet the 
immediate demand, but eventually, if the demand remains constant and 
prolonged, the increase in power may become permanent resulting in 
nearsightedness (myopia). This could affect our visual performance at distance. 
We can also directly change how we see in order to enhance our visual abilities. 
Practicing visual tasks can improve our visual function. Athletes can practice 
keeping their eyes on the ball in order to get better results in their athletic 
performance. 
Lastly, inefficient visual function can lead to inefficient performance of other 
tasks. Our vision is critical in nearly everything we do. Minor changes in our 
vision can be immediately noticeable and problematic. Visual inefficiencies can 
compromise many of our abilities. For example, poor reading skills in children are 
sometimes not a matter of cognitive ability, but a consequence of visual difficulty 
or inefficiency. 
It should be understood that vision requires the integration of several 
different skills. Visual task analysis means evaluating a visual task in terms of 
the individual skills needed to accomplish this task. Take, for example, the visual 
task of reading a newspaper. Many visual skills are utilized. Among them are 
accommodation, vergence, and eye movements. We can also analyze the skills 
· needed in a particular vocation. An accountant is going to use different visual 
skills than a carpenter. You will describe various visual skills needed for certain 
jobs in lab. 
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Accommodation 
Accommodation is the mechanism the eye uses to change its optical 
power in accordance with target distance. An increase in accommodation leads to 
an increase in optical power. Near targets require more power, distant targets 
require less. Target distance and power are therefore inversely related. Power is 
measured in units of diopters and distance is measured in meters: one diopter of 
optical power is required to focus parallel light at a distance of one meter. The 
total amount someone needs to accommodate for a particular target is called 
accommodative demand or Ao. 
Examples: 
1) Our newspaper is located 40 em in front of our eyes. 
How much optical power is needed to see the words on the page clearly? 
Answer: 
1 D = 1/target distance in meters 
x 0 = 1/0.40 m 
x = 2.50 0 
2) If we move the newspaper to a distance of 20 em in front of our eyes, how 
much more do our eyes need to accommodate than at the 40 em distance? 
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Answer: 
y = 1/0.20 m 
y = 5.00 D 
5.00 D - 2.50 D = 2.50 D 
We need to accommodate 2.50 D more (5.0 D total) to see 20 em closer in this 
instance. 
When the eye detects blur, it can automatically focus more or less, 
changing its optical power to make targets clear. When looking from a distant 
target to a near target, the eye must increase its optical power to see clearly. This 
process of temporarily increasing the optical power of the eye is called 
accommodation. The eye accommodates by changing the curvature of its 
crystalline lens. Zonular fibers connect the capsule surrounding the lens to the 
ciliary muscle. When the ciliary muscle contracts, there is less tension on the 
fibers, and the lens is allowed to expand to a greater curvature. The lens is then 
focused for a near target. When the muscle relaxes, there is actually more tension 
on the fibers, making the lens flatter. As the lens flattens, the eye's focus point 
moves farther away and the eye is no longer focused for a near target. When the 
ciliary muscle is completely relaxed, the conjugate focus of the normal emmetropic 
eye is at infinity and distant targets are seen clearly. The first part of our visual 
task of reading the newspaper, making the words clear, is thus accomplished 
through accommodation. 
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Diopter = A unit proposed by Monoyer to designate the refractive power of a lens 
or an optical system, the number of diopters of power being equal to the reciprocal 
of the focal length in meters. 
• 1 diopter of positive lens power wil l cause parallel rays of light to be focused 
at 1/(1 D) = 1 meter. 
• 2 diopters of positive lens power will cause parallel rays of light to be 
focused at 1/(20) = 0.50 m or 50 em. 
Accomtnodation 
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We previously discussed the anatomy of accommodation. Now we will 
discuss some other terms important in accommodation. These terms include 
amplitude, facility, and posture. Accommodative amplitude is the maximum 
someone is able to accommodate; how much the ciliary muscle is able to contract 
and allow the lens to have a greater curvature. The normal and expected age-
related loss of accommodative amplitude is termed presbyopia. 
We can stimulate accommodation by moving a target closer or by using 
minus lenses (minus lenses that exceed any minus power necessary to 
compensate refractive condition). As a target is moved closer the ciliary muscle 
has to contract, the zonular fibers relax, and the lens is able to assume a greater 
curvature (more power). How close someone is able to bring in a target and still 
keep it clear is termed the "nearpoint of accommodation", which is one way to 
measure accommodative amplitude. This test is called Dander's push-up. You 
"push" the target closer and closer to see how close the patient can bring the 
target and still keep it clear. Average expected push-up amplitude in diopters is 
calculated as: 
Average accommodative amplitude in D = 18.5- 0.33(age in years). 
18.5 is an experimentally derived number. We want to know the average and 
minimum amplitudes a person of a certain age should have to be able to 
determine if they have adequate accommodative amplitude. Minimum push-up 
amplitude is calculated as: 
Minimum accommodative amplitude in D = 15- 0.25(age in years). 
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Example: 
3) Our patient is 22 years old and can see a target clearly until it reaches 8 em 
from their eyes. 
1 I 0. 08 m = 12.5 D 
The average expected push-up amplitude for a 22 YO is found by using the 
formula from above. 
18.5 - 0.33 (22) = 11.2 D 
The minimum push-up amplitude for a 22 YO is 15- 0.25 (22) = 9.5 D 
So our patient is a little above the average. You want to make sure your 
patient is above the minimum expected value for their age because a lower value 
may be a sign of visual inefficiency. 
When refractive condition has been compensated, minus lenses induce 
accommodation whereas plus lenses relax accommodation. You will get to 
experience this for yourselves in lab. 
Accommodative facility refers to how fast someone is able to change their 
accommodative status. This is often measured by using lens flippers as shown 
below. You will each be able to figure out your accommodative facility in lab 
where you will see how many times you can flip the flipper in 30 seconds, 60 
seconds, and 90 seconds. A lens flipper usually has positive lenses on one side 
(which relax accommodation) and negative lenses on the other side (which 
stimulate accommodation). We determine facility by having the patient read 
through one side of the flipper, focus to get the target clear through that side, then 
flip to the other set of lenses and get the target clear through that side etc. 
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For example: we have a +1- 2.00 lens flipper with +2.00 D lenses on one 
side and -2.00 D lenses on the other side and our target is at a standard 40 em. 
The accommodative demand for a target at 40 em is 1 I 0.40 m or 2.50 D. Now 
we calculate the lens flipper on top of this. With the +2.00 D side of the lens 
flipper the patient is only having to accommodate 0.50 D (remember,+ lenses 
relax accommodation). With the -2.00 D side of the lens flipper the patient is going 
to have to accommodate 2.50 D for the target distance (40 em) PLUS another 2.00 
D for a total of 4.50 D to be able to see the target clearly. So this patient is flipping 
back and forth between accommodating 0.50 D and 4.50 D for a total of 4.00 D 
difference between the two. 
E;xample: 
4) A person is looking at a target 50 em away. 
The person is viewing through a +1- 1.50 D lens flipper. What is the person's Ao 
for each side of the lens flipper and what is the difference between the two sides? 
Answer: 
x = 1/0.50 m = 2.00 D 
2.00 D - + 1.50 = 0.50 D 
2.00 D- -1.50 = 3.50 D 
3.50 D - 0.50 D = 3.00 D total between the two sides of the flipper 
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Another way to measure accommodative facility is by a procedure called 
distance rock. The patient looks back and forth between a distant target and a 
near target. Usually this is done by having the patient look between a distant eye 
chart and a nearpoint reading card. This test is more similar to real-world visual 
demand than the lens flipper test. The distance rock test is measuring the facility 
of accommodation and vergence together. When the patient looks at distance, 
accommodation and vergence are relaxed. The patient obtains the distant target 
as clear and single, calls the target, and then looks to the near target where both 
accommodation and vergence are stimulated. The patient then looks at the near 
target, makes it clear and single, calls the target, and then looks back to the 
distant target again. 
Accommodative posture is the tendency someone has to focus in front of 
or behind a target. Believe it or not, we do not focus exactly where something is 
placed. Most of us actually focus beyond a target because this takes less energy 
and we are still able to see the target clearly. Focusing behind a target is called 
accommodative lag. It is accommodative LAG because we are focusing beyond 
the target (under focusing; accommodating slightly less than the optical Ao). 
Focusing in front of a target is called accommodative lead. As you have already 
learned, focusing at a closer distance requires more energy. Using more energy 
is inefficient for our visual system. It is called accommodative LEAD because we 
are focusing ahead of the target (closer than necessary) and focusing more than 
we need to. Accommodative lead only happens when our visual system is not 
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functioning properly. Accommodative lag and lead are often measured clinically 
using a cross grid target. 
Symptoms of accommodative dysfunction include: 
};> Blur at near 
};> Asthenopia (a general term for vision that is uncomfortable) 
};> Substitution of letters of similar shape (especially letters within a word) 
when reading 
};> Slowness in focus change between different distances - from near to far, 
termed hysteresis 
Vergence 
Now that the words are clear via accommodation, the next step is to make 
the words appear single. The visual skill needed to prevent double vision is 
vergence. Vergence means turning our eyes inward, or converging, for viewing 
targets located up close, and moving our eyes apart (turning the eyes outward 
from a converged position), or diverging, for targets located further away. 
Vergence demand is measured in units of prism diopters. 
one meter I I 
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Similar to the units of accommodation, prism diopters are also inversely 
related to target distance. A near target requires more prism diopters of 
convergence to be seen singly, while a distant target requires less prism diopters. 
One prism diopter(~) is required to deviate a parallel ray of light 1 em at a distance 
of 1 meter. The amount of prism diopters needed to view a target is found by 
dividing the distance between the centers of an individual's eye in centimeters, 
also known as the interpupillary distance (pd), by the target distance in meters. 
V (Ll) = pd in em I target distance in meters. 
(Just remember that interpupillary distance is usually measured in mm but for the 
equation to work we need to put pupillary distance in em.) 
Examples: 
5) A patient has a pd of 64 mm and she is looking at a target 40 em away. How 
many prism diopters must she converge to keep the words on the page single? 
Answer: 6.4 em I 0.4 m = 16~ 
6) A patient has a pd of 58 mm and is looking at a target 40 em away. What is 
his vergence demand? 
Answer: 5.8 em I 0.4 m = 14.5~ 
As you may have noticed from the examples above a person with a greater 
pd has a greater vergence demand than someone with a smaller pd when looking 
at the same target distance. 
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This individual is converging 
to see a near target. 
When the eyes team and aim together normally, print on the page is single and clear . 
The dog chased the cat. 
When eye teaming breaks down, the eyes aim independently, and print doubles. 
Vergence can be described similar to accommodation in terms of 
amplitude, facility, and posture. Vergence amplitude is our maximum ability to 
converge and diverge our eyes, just as accommodative amplitude was our 
maximum ability to stimulate and relax accommodation . Base-out prisms 
stimulate convergence and base-in prisms stimulate divergence (or relax 
convergence) when normal binocular sensory function is present. Our eyes turn in 
the direction of the apex (within our fusional vergence limits, and given the 
presence of normal sensory fusion). We discussed the necessity of convergence 
while reading in order to keep targets single. Greater convergence is needed as a 
12 
target moves closer. You can see this with a pen and a partner. Hold the pen 
about 40 em away from your partner's nose and then slowly move it closer to 
them. You will see your partner's eyes go "cross-eyed" as they converge more 
and more as the target gets closer. Some people lose their convergence ability at 
a certain point as the target gets close to them and you may see one of their eyes 
wander out and not be able to stay aimed at the target. Most adults with normal 
vergence function are able to converge on targets into a distance of 6-1 0 em from 
the eyes. 
Vergence facility is comparable to accommodative facility. Vergence 
facility is how fast we are able to converge and diverge our eyes but it is difficult to 
measure in isolation from accommodation. We use plus and minus lenses to 
measure accommodative facility but we use base-out and base-in prisms to 
measure vergence facility. Lenses are to accommodation as prisms are to 
vergence. We use a prism flipper that has base-out prisms on one side and base-
in prisms on the other side to measure vergence facility. The base-out side of the 
prism flipper induces convergence while the base-in side induces divergence (or 
relaxes convergence). We determine facility by having the patient read through 
one side of the flipper~ we'll start with the base-out side here. The patient must 
converge their eyes to obtain a single target through the base-out side. Then they 
flip to the other side where the prisms are base-in and they have to diverge their 
eyes to obtain a single target. How fast the patient flips back and forth between 
converging and diverging their eyes in a given amount of time is recorded. 
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Vergence posture is where our eyes tend to aim and is measured clinically 
as the heterophoria or, in the clinic, phoria. When heterophoria is present, both 
visual axes are directed towards the fixation point but deviate on dissociation. 
(Rowe F, Clinical Orthoptics, Blackwell Science, 1977) If sensory fusion is temporarily 
suspended, for example, by covering one eye, the position of the eyes will be 
determined by anatomical and physiological factors. Usually this dissociated 
position (phoria) is slightly deviated from the active position that is maintained 
when all the sensory fusion factors are free to operate. This slight deviation for the 
active position when the eyes are dissociated is known as heterophoria. It is 
present in most people. The rare situation where a heterophoria is not present 
and the dissociated position is the same as the active position is known as 
orthophoria. It needs to be appreciated that the term 'heterophoria' applies only to 
the deviation of the eyes that occurs when the fusional factor is prevented by 
covering one eye or dissociated by other methods such as distorting one eye's 
image so that it cannot be fused with the other, e.g., the Maddox rod method. 
Heterophoria is sometimes described as a latent deviation; it only becomes 
manifest on dissociation of the two eyes. Sometimes the eyes can be deviated 
even when no dissociation is introduced. This more permanent deviation is called 
heterotropia or strabismus. Ocular deviations can, therefore, be classified as 
either heterophoria or strabismus (tropia), but there are many other important 
factors that need to be considered in investigating the binocular vision of a patient. 
(Evans BJW, Pickwells Binocular Vision Anomalies 41h Edition, Butterworth Heinemann, 
2002) 
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Effect of prisms on vergence 
Base-out prisms stimulate convergence and base-in prisms stimulate 
divergence (or relax convergence) when normal sensory fusion is present. As you 
may remember the image is shifted toward the apex of a prism. If a prism is 
placed base-out in front of an eye, the image will move towards the apex, or closer 
to the nose, and the person will have to converge more to see the image. A base-
in prism placed in front of an eye will have the apex pointing towards the ear. The 
image will move towards the apex (towards the ear and away from the nose) and 
the person will have to diverge their eyes (or converge less) to see the image. 
Heterophoria, Spatial Perception, and Dexter 
In order to explain Dexter we will continue discussing vergence posture or 
heterophoria. Vergence posture can be seen clinically using the alternate cover 
test or by means of other procedures that dissociate binocular vision. There are 
four methods of dissociating: a septum (as in a stereoscope), vertical prism, 
Maddox rod, and cover test. You will learn about each of these more in lab. A 
cover test is where one eye is covered at a time in order to asses where the eyes 
tend to aim. When an eye is covered, that eye does not have a target to fixate 
upon, and it will move to its phoric position. 
The first posture we will talk about is esophoria. Esophoria is a tendency 
for one eye to turn in. When the eye is covered it will turn in. It no longer has a 
target to focus on and will go to its relaxed position of eso. Right when the eye is 
uncovered it can be seen as moving temporally toward the ear because it was 
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aimed inward at the nose. Esotropia is a frank eye turn inward. The eye is turned 
in even when it is not covered. The eye that is tropic will only move to the straight 
ahead position when the other eye is covered. When the straight ahead eye is 
covered, the esotropic eye is then forced to focus on the target. If one eye 
normally fixates and the other eye normally deviates, the deviating eye may 
develop amblyopia ("lazy eye"), a functional condition in which the best visual 
acuity of the amblyopic eye is less than 20/20. Esotropia is a form of strabismus in 
which there is a frank inward eye turn. 
I An example of esotropia. 
Exotropia is another form of strabismus, but in exotropia an eye is turned 
outward. The eye is turned out even when it is not covered and will only move to 
the straight ahead position when the other eye is covered. When the straight 
ahead eye is covered, the exo eye is then forced to focus on the target. Exophoria 
is a tendency for one eye to turn out. When the eye is covered it will turn out to its 
phoric position in an exophoric patient. At the moment the eye is uncovered it can 
be seen as moving nasally toward the nose because it was deviated outward while 
occluded. 
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An example of exotropia 
Now that we understand the basic vergence positions we will try to explain 
why we subjectively perceive target movement during alternate cover testing. The 
examiner will objectively see the eye move when it is uncovered, and the patient 
will subjectively see the target move. The reason that the patient sees target 
movement, and the nature of that movement, is intimately related to the functional 
organization of binocular vision, and the relationship of "retinal space" to real 
space. Here are some basic rules to remember: 
1) Perception is opposite deviation (P.O.D.) 
2) Nasal retina corresponds to temporal field 
3) Temporal retina corresponds to nasal field 
right nasal field right temporal field 
right temporal retina 
right nasal .retina 
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Think of the eye as a ball (DEXTER). Think of the fovea being directly 
behind the pupil in a straight line, where the temporal and nasal retina meet. As 
an example, when the front of the dissociated esophoric eye rotates nasally 
(inward), the fovea moves temporally and any incoming images will fall on nasal 
retina. Likewise, when the front of the dissociated exophoric eye rotates 
temporally (outward) the fovea moves nasally and any incoming images will fall on 
temporal retina. 
Crossed and Uncrossed Disparity 
Esotropia produces uncrossed diplopia (esophoria also produces diplopia, 
for a fraction of a second, at the moment after dissociation before sensory fusion is 
regained). One eye is turned inward so the incoming image is hitting nasal retina 
- this corresponds to temporal field and the image seen by the esotropic eye is 
perceived to be in temporal space. Since nasal retina corresponds to temporal 
space the image is going to be seen as temporal to the image from the other eye 
producing uncrossed diplopia. Uncrossed diplopia is the description for double 
vision when the diplopic image on the right side is perceived by the right eye (OD), 
and the diplopic image on the left side is perceived by the left eye (OS). 
Uncrossed disparity occurs when the eyes are focused or converged 
slightly CLOSER than the target. The eyes are converged too much. The eyes 
are turned in more than they should be and this is in essence an eso position in 
relation to position needed to converge precisely on the target. The eyes are 
turned in which means the fovea is turned out. The image is falling on nasal retina 
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in both eyes. Nasal retina corresponds to temporal space. Each eye is going to 
see the image more temporally than it really is- this is uncrossed disparity. This 
is in contrast to the exo position where the image appears nasally. You can see 
this for yourself by looking at something across the room, hold up a finger in your 
line of sight, and this time focus your eyes on your finger but still be aware of what 
you were looking at across the room. Keep focusing on your finger and cover up 
one eye at a time with your other hand. Which image is disappearing as you cover 
each eye? As you cover your right eye the right image should be disappearing 
now. And when you cover your left eye the left image should disappear. Because 
the same image is disappearing this is uncrossed disparity. 
The presence of uncrossed retinal disparity is a stimulus to diverge the 
eyes to obtain focus on the target of interest. In uncrossed disparity the eyes are 
focused too close (think eso position) and the image is falling on nasal retina- the 
fovea is too temporal. The eyes need to diverge more to move the fovea nasally 
and have the target be focused right on the fovea. Uncrossed retinal disparty is a 
stimulus to diverge the eyes. 
Exo postures are crossed diplopia. The eye is turned outward and the 
image is hitting temporal retina. This corresponds to nasal field and the image 
seen by the exophoric eye is seen nasally- or crossed. When one eye is turned 
outward (exo position) the fovea is actually moved nasally and images are going to 
fall on temporal retina. Temporal retina corresponds to nasal space and the image 
is going to be seen as nasal or crossed over the image from the other eye. This is 
called crossed diplopia. Exo has an X in it which is an easy way to remember 
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crossed, but this is not necessarily always the case (as you will learn in other 
courses), so you'll want to know how to think through it. 
Crossed disparity is when the eyes are focused or converged BEYOND the 
target. The eyes are converged less than they should be to look at the target. 
This is in essence an exo position. The eyes are not converged enough -or are 
turned out. This leads to the fovea being more nasal than it should be to see the 
target directly and the image is going to fall on temporal retina in both eyes. 
Temporal retina corresponds to nasal space and the images appear crossed. The 
right eye is going to see the object nasally (think across the nose and more 
towards the left eye) and the left eye is also going to see the object nasally (think 
across the nose more towards the right eye). This is crossed disparity. If you hold 
your finger up and focus across the room you should be able to see this for 
yourself. Focus on something across the room and hold your finger up in your line 
of sight- but don't focus on your finger. With your other hand cover one eye at a 
time. Which image disappears as you cover each eye? As you cover your right 
eye the left image should disappear. As you cover your left eye the right eye 
should disappear. As you cover one eye the opposite image disappears so this is 
an example of crossed disparity. 
The presence of crossed retinal disparity is a stimulus to converge. In 
crossed disparity the eyes are focused beyond (too far past) the target (think exo 
position- not converged enough). The eyes are diverged and the image is falling 
on temporal retina. The eyes need to converge more to move the fovea 
temporally so that the image of the target will fall right on the fovea. 
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Eye Movements 
There are two types of eye movements: smooth eye movements and 
saccadic or fast back and forth eye movements. Smooth eye movements are also 
called pursuits. Pursuits are used to follow moving targets. When the moving 
target reaches a certain speed, pursuits cannot keep up and the eye movement 
will convert to higher speed saccades. A duction is a monocular pursuit eye 
movement that is usually only evaluated if strabismus is present or if there is 
abnormality in pursuits tested under binocular conditions. Versions are binocular 
pursuit eye movements. Saccadic eye movements, or saccades, are fast back 
and forth type movements that are used while reading. Saccades are also used 
when looking at a target that is moving fast, while scanning a target, and when 
moving your eyes to another target. Central vision is suppressed during each 
saccade so that we do not perceive blur at any time. We are still able to sense the 
page and the words on the page but our central vision is suppressed and we are 
not able to really distinguish anything during a saccade. Imagine if while you were 
reading, that everytime your eyes moved to another line you saw a blur going back 
across what you just read, that would be very distracting and inefficient. The 
primary eye movements we evaluate are pursuit and saccadic-fixation eye 
movements. 
Micronystagmus is the term for very small eye movements that we are not 
even aware occur. These are involuntary movements that are necessary for 
sustained vision. If you look at something long enough the image starts to fade to 
black because the retina needs constant stimulation in order to perceive an image. 
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Micronystagmus movements prevent what we are looking from fading. Our eyes 
are constantly making tiny movements in order to keep the retina stimulated and 
keep the image fresh. Micronystagmus is not visible except with very high 
magnification . 
Involuntary, sporadic, repetitive, abnormal eye movements are termed 
nystagmus. These movements may be in one eye or both depending on the 
cause, but are usually present binocularly. Nystagmus may be characterized as 
side-to-side (horizontal nystagmus), up and down (vertical nystagmus), or rotary 
(circular) eye movements. The abnormal eye movements are caused by 
abnormalities in certain areas of the brain responsible for controlling eye 
movements. Congenital nystagmus is the most common type of nystagmus. It is 
usually mild and is not associated with any other disorder. Nystagmus is abnormal 
and is frequently seen with albinism. Acquired nystagmus is seen with head 
injury, stroke, alcohol intoxication, and certain medications such as Dilantin. In 
nystagmus, the eyes will move slowly in one direction and then move rapidly in the 
opposite direction. The direction of the eye movements will depend on the type of 
nystagmus - side to side, up and down, or circular. 
Vestibular-induced eye movements or the vesibulo-ocular reflex (VOR) 
happens when our head moves while we try to look at an object. An example of 
this would be trying to look at a target in front of you while shaking your head back 
and forth. You are able to look at and keep the target fairly steady while your head 
is in constant motion. 
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Eye movement dysfunctions can hinder a person from performing 
efficiently. If a person has poor eye movements while reading they are going to 
read slower. It is going to be hard to read and think at the same time because 
they have to use so much energy just to read. Most of us have good eye 
movements and are able to read efficiently. For example, when we do not have to 
think about what line comes next when reading, we have more energy to focus on 
what we are reading and are able to comprehend more in the same amount of 
time. The number one sign of kids with vision related learning problems is ocular 
motor dysfunction. A child may seem to have a learning problem because they 
are using most of their energy just to read and are not able to comprehend what 
they are reading. This is where the Visagraph comes in handy. The patient wears 
a pair of goggles that track their eye movements with infrared sensors while 
reading. This information is recorded and analyzed. The information can then be 
used to see what part of reading the patient is having trouble with. They may be 
losing their place a lot, having to re-read certain words or phrases, or moving their 
head instead of their eyes. The trouble spot can be identified and visual therapy 
can be started to help the patient learn better eye movements according to their 
specific deficiency. 
There are different characteristics between a good reader and a poor 
reader. A poor reader may only posses a few characteristics that prevent them 
from being a good reader. Once the poor qualities are found the patient may 
sometimes be able to do exercises (vision therapy) to improve. 
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GOOD READER 
Fewer number of saccades 
Size of saccade is larger 
Duration of fixation is shorter 
Duration of fixation is shorter 
Span of recognition is larger 
Fewer regressions 
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POOR READER 
Makes more saccadic movements 
Saccade is smaller in size 
Duration of fixation is longer 
Duration of fixation is longer 
Span of recognition is smaller 
More frequent regressions 
Sensory Fusion 
Many people think that good vision consists of only seeing clearly, but our 
eyes must also work together for our brain to be able to combine the two different 
images each eye sees into one useable image. Each eye sees a slightly different 
perspective of the world. In order for us to have good, useable vision, these two 
images must be interpreted by the brain and be combined into one image. When 
the two images are similar, the brain can easily put them together. If the two 
images are quite different the brain may not be able to put them together and the 
person may experience diplopia. The brain is very efficient, and it is not efficient to 
see two different images. The brain will temporarily "turn off" (suppress) an image 
coming from one of the eyes in order to have a single useable image. The eye 
that is suppressed is still working and seeing, but the information from that image 
from that eye is not fully processed by the brain. Peripheral vision is usually 
preserved during suppression; only central vision is suppressed. 
Binocular sensory fusion is the term used for the process of the brain taking 
the individual images from each eye and combining them into one useable image. 
This one combined image contains more information than either of the individual 
images alone. The combined image has information about the 3D location of the 
image that is not present in either of the single images. There are different levels 
of binocular sensory fusion including simultaneous perception, superimposition, 
flat fusion, and stereopsis. We will cover each of these individually. 
Simultaneous perception is the lowest level of sensory fusion. 
Simultaneous perception is the simple task of seeing with both eyes at the same 
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time. In fact, some would say that simultaneous perception is not true sensory 
fusion since you are experiencing simultaneous perception when you are seeing 
double (diplopia). 
Superimposition is the level right above simultaneous perception. 
Superimposition also involves seeing with both eyes at the same time like 
simultaneous perception, but superimposition also involves both eyes looking at 
the same place. In superimposition there are two completely different images 
presented separately. If a person has simultaneous perception they will be able to 
see both images with both eyes at the same time. If a person is able to 
superimpose they will be able to combine these two images into one image (both 
eyes looking at the same place). For example, an image of a fish bowl and an 
image of a fish. The two images are completely different. A person is said to be 
able to superimpose when the brain interprets the two pictures as one picture of a 
fish inside a fish bowl 
Flat fusion is the next level of binocular sensory fusion. Flat fusion 
involves fusing two images that have common contours into one useable image. 
Superimposition had two images but there were no common contours between the 
images- each image was completely unique. In flat fusion each image has some 
similar parts to the other image but also has portions found only in that image. The 
image of the birds below, as used in class, is an example of a flat fusion target. 
The portions found in one image but not the other are the red beak and tail in the 
left eye's image and the green wing in the right eye's image. The common 
contours are the outlines of the bird and the swing. If you are able to see one 
26 
image (when viewed in a stereoscope or when "free-fusing" by crossing your eyes 
in) with a red beak and a green wing you are able to flat fuse (notice that you can 
still appreciate the separate images on either side of the complete image). If you 
see one image that has a red beak and tail but not a green wing you are 
supressing one eye- meaning the information from the other eye is not being 
interpreted by the brain. 
Stereopsis is the highest level of sensory fusion . Stereopsis involves 
seeing with both eyes at the same time and at the same place like flat fusion, but 
goes a little further to include 30 perception. Flat fusion did not include any 30 
qualities. Here, each eye is seeing a slightly different 20 image of the pyramid, 
but with both eyes together the pyramid is perceived as 30. Sensory fusion and 
stereopsis are not identical. A patient may be able to flat fuse , and would be said 
to have sensory fusion, but they may not have stereopsis. Stereopsis is a higher 
level of sensory fusion. If a person has good stereopsis they will generally have 
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the ability to execute the lower levels of sensory fusion. There are different types 
of stereopsis tests as you will learn in Procedures 
A common stereopsis test is the Titmus test (as shown on the left side of 
the book below). You will each perform this test in lab and learn how well you can 
discriminate disparate targets. 
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Stereoacuity 
We usually test binocular sensory fusion starting with the highest level 
which is stereopsis. There are different tests to quantify stereoacuity. The Wirt 
stereo test (Titmus test) is a common test for local stereopsis. The random dot 
test measures global stereopsis (which is shown on the right side of the book 
above). The random dot test is a more discriminate test for stereoacuity. A 
person has to have very accurate binocular vision to perform well on the random 
dot test. The Titmus test does not require as much accuracy. 
The vectograph is a projected stereoacuity test and is similar to the Wirt 
stereo test. The vectograph is a distance test whereas the Wirt stereo test is a 
nearpoint test. 
The Worth (Four) Dot test is a test for flat fusion and suppression. When 
wearing red/green glasses with red over the right eye, the right eye is presented 
with three red dots and the left eye is presented with two green dots. Each eye's 
target has a unique characteristic that serves as a suppression control. The 
bottom dot is presented to both eyes. It is seen as red by the right eye and as 
green by the lett eye. With both eyes working together the person will see a green 
dot on top, red dots to the sides, and a dot with lustre on the bottom if both eyes 
are working together correctly. 
00 OS Normal binocular 
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The presence of lustre indicates that flat fusion is present. The circles are 
similar targets with common contours. The bottom circle seen by the right eye is 
red and the bottom circle seen by the left eye is green. When seen together the 
bottom circle appears lustrous. The two similar flat targets with common contours 
presented to each eye are integrated into a single visual precept. This is important 
clinically because you can tell if someone is flat fusing or not (possibly centrally 
suppressing). You will also experience this test for yourselves in lab and see if 
you are able to see lustre. 
Supression and Amblyopia 
Supression is, in a sense, the turning off of central vision in one eye. 
Prolonged suppression may be caused by various reasons including diplopia or 
blur in one eye (especially anisometropia). The brain suppresses the information 
coming from one eye in order to see and process visual information more 
efficiently. In the case of diplopia, the brain is not able to efficiently process two 
images. Our brain would rather turn off one of the images and have one useable 
image. Diplopia can be caused by strabismus, disease processes such as 
Grave's disease, trauma, and other factors. If a person has uncorrected 
anisometropia (where one eye has a difference in refractive status between the 
eyes that is more than 1 diopter) the brain may turn off the eye that has the more 
blurry vision in order for the eye with the clearer image to prevail. The one clear 
image is more useful than the blurry image with both eyes together. 
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Amblyopia means that the best visual acuity in one eye with full 
compensating lens power in place is less than 20/20 with no underlying 
pathological cause or reason for the visual acuity to be less than 20/20. 
Amblyopia is a functional neurological problem. We can treat amblyopia with 
various methods including patching, optical penalization, and penalization therapy. 
The first method we will discuss is patching. We patch the eye with the better 
visual acuity in order to "exercise" the eye with amblyopia. When a person with 
amblyopia is allowed to keep both eyes open the brain will tend to suppress the 
amblyopic eye. With patching, the better eye is often patched, forcing the eye with 
amblyopia to work and not be suppressed when both eyes are then used together. 
Another treatment, optical penalization, involves using a high powered contact 
lens (+/- 8.00 D) in the better eye in order to make that eye's acuity worse than the 
acuity in the amblyopic eye. With a high powered lens in the better eye the 
amblyopic eye then becomes the preferred eye by the brain and the eye will be 
used. The last treatment option is penalization therapy where drops are used. 
Eye drops called cycloplegics (e.g. Atropine) are used in the preferred eye. The 
cycloplegic drops blur the vision of the preferred eye so that the amblyopic eye is 
then the preferred eye and is used. 
All of these treatment options for amblyopia involve trying to engage the 
brain into using the amblyopic eye instead of the normally preferred eye. It has 
been shown that amblyopia can be treated up to age 50, though it is easier to treat 
when the person is younger. There is consideration given to the preferred eye 
during treatment. If treatment is too aggressive and the preferred eye is not used 
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enough, the preferred eye has the potential to develop occlusion amblyopia and 
you have not corrected a problem but have just created the same problem in the 
other eye. Treatment for amblyopia needs to be monitored carefully so this does 
not happen. Occlusion amblyopia is more ofa risk with very young pts (< 2 years) 
who are treated very aggressively (i.e., full-time occlusion). 
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AC/A Ratio 
The AC/A ratio represents the degree of relationship between accom-
modation and vergence. The near triad is characterized by accommodation, 
convergence, and miosis. There is a necessasry relationship between 
accommodation and convergence. Some people converge more when they 
accommodate and are said to have a tight or high AC/ A relationship. Some 
people converge less and are said to have a more loose, or lower AC/A. There is 
an ideal range of how much a person should be converging when they are 
required to accommodate. Normal AC/A ratio should be within a range of 
3- 4.5.£1. D. This range means that for every diopter a person has to accom-
modate, the person should be converging about 3- 4.5 prism diopters. If the 
AC/A ratio is either too high or too low the patient is likely to have symptoms. To 
be efficient we need an AC/A ratio that is within the normal range. 
A way to measure the AC/A ratio is by taking 2 measurements at 5 different 
values. This is called the gradient AC/A ratio. We average two measurements at 
each of these 5 values: +2.00 D lenses, + 1.00 D lenses, through the patient's 
habitual prescription, -1.00 D lenses, and through -2.00 D lenses. (We are 
manipulating the stimulus to accommodation which is plus and minus lenses.) A 
Maddox rod is held over the right eye and the subject views a card with a 
horizontal line of numbers at 33 em. This card is set up for 33 em and will 
measure phoria in prism diopters. The subject will see a vertical red line over the 
horizontal line and the measurement is recorded as whatever number the red line 
appears to pass (make sure the numbers remain clear while taking a reading; 
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otherwise accommodation may not be in play and you will get a false convergence 
reading). When the maddox rod is held over the right eye anyth ing on the right 
side of the horizontal line is eso and anything on the left is exo. Conversely, when 
the maddox rod is held over the left eye anything on the right side of the horizontal 
line will be exo and the left side is eso. We usually hold the maddox rod over the 
right eye for consistency. On the following graphs exophoria is represented by the 
negative side of the y-axis and esophoria by the positive side of y-axis. On the 
graph below the patient averaged to be 6 eso with a -2 lens, 2 eso with a -1 lens. 
They were 2 exo without any lenses, 4 exo with a + 1 lens, and 7 exo with a +2 
lens. 
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The averages of each of the two measurements with the five different 
values are plotted on a chart. The resultant graph should have a negative slope 
(down to the right). The graph will not have a positive slope because that would 
mean as accommodation increases vergence decreases and that does not 
happen. The graph may or may not be perfectly linear. The graph may slope 
more when the subject was tested with minus lenses if the subject is highly 
responsive to minus. If a person is highly responsive to plus lenses the graph may 
slope more on the right where the person was looking through plus lenses, but 
remember it will still have a negative slope. Some people may only be responsive 
to a certain point and may slope a lot in the middle of the graph but be more 
horizontal on the more extreme x-axis values. This may be seen as a horizontal 
s-curve or ogive such as on Graph 2 below. When calculating the AC/A ratio of an 
s-curve you need to ignore the more horizontal parts of the graph and use the 
more linear portion of the graph to calculate the AC/A ratio. 
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How to calculate a gradient AC/A ratio 
To calculate the AC/A ratio you take the change in value on they-axis over 
the change in value on the x-axis. (slope= y/x) This is also known as rise over 
run (rise/run). For example: on Graph 1 above you could take the change in the 
y- axis between the first two points which is 4 and the corresponding x-axis if you 
take the change over a larger lens power change between -1 and + 1 for example, 
you get a change in y of 6 [by taking the absolute value of: (+)2- (-)4] and a 
change in x of 2 [by taking the absolute value of: (-)1 - (+)1 )]. Slope= y/x here of 
6/2 or an AC/A ratio of 3:1. A steeper slope represents a higher AC/A ratio 
whereas a more horizontal slope represents a lower AC/ A ratio. The AC/ A ratio 
will always be a positive number. A lower AC/A calculation is shown on Table 2 
between the first two points. The change in the y-axis here is only 1 and the 
change in the x-axis is also 1 . So the AC/ A here would be 1/1 or 1:1. A tighter or 
higher AC/A ratio means that the more the person accommodates, the more they 
converge. You will have the chance to measure your AC/A ratio as well as your 
partner's ratio in lab. 
36 
